The bone-inducing efficiency in rat tissues of bone morphogenetic protein (BMP) was compared between the normal and ovariectomized (OVX) animal. In the calvaria of OVX rats, BMP induced a smaller amount and a slower process of bone formation than that of the control rats (sham operated). In the subcutaneous tissue of the OVX rats, BMP induced no bone formation in terms of alkaline phosphatase activity and calcium content, while in the same tissue of the control rats, BMP induced active bone formation. In an attempt to clarify the mechanism behind the reduced effect of BMP in the OVX rats, bone -marrow stromal cells of the OVX and SHAM rats were compared for their abilities to differentiate into osteoblasts. Using a culture system, it was shown that the bone-marrow stromal cells from the OVX rats exhibited much less alkaline phosphatase activity and osteocalcin synthesis than those from control rats.
Introduction
In the dental field, as well as in orthopedic surgery, analysis using antibodies against BMP 2 or 4, and 3, the S-300 fraction was confirmed to contain significant amounts of these molecular species of BMP (data are not shown).
2. Soft X-ray photography Figure 3 shows the result of the soft X-ray photography of the IBM/BMP pellets implanted subcutaneously in OVX and SHAM rats and extracted 3, 4 and 6 weeks after implantation. In the sham operated group, clearly calcified pellets were observed at 3 weeks and calcification increased each at 4 and 6 weeks. In contrast, in the OVX group calcified images were hardly detected from 3 to 6 weeks after implantation. The results indicate clearly that the sham -operated rats exhibited much more response to IBM/ BMP implantation than the OVX rats, in which bone formation was hardly detectable.
3. Biochemical analysis of ectopic bone formation Figure 4 shows the changes over time of ALP activity and calcium content of IBM/BMP pellets implanted subcutaneously in OVX and SHAM rats and extracted 3, 4 and 6 weeks after implantation. In the sham operated group, ALP activity increased at 4
weeks but declined at 6 weeks, while that of the OVX group declined slightly from 4 weeks after implantation (Fig.4a) . The difference in ALP activities between the sham-operated and OVX groups seems to throughout the experimental period. In the interface between the calvaria and the block, the calvaria became thinner than that in 4 weeks after implantation (Fig.7b) .
On the other hand, in HAP/BMP pellets extracted from SHAM rats after 4 weeks, active bone formation was observed ranging from the outside to the inside of the blocks. Within the pores, bone formation was actively progressing, replacing the pre-existing fibrous tissues. In most of the pores, patterns of remolding of lamellar bone structures and also bone marrow formation (Fig. 6b) were observed. In the interface between the calvaria and the block, active bone 
Discussion
In this paper we demonstrated for the first time that in the OVX animal, reactivity to BMP of the cells in the tissue was much more impaired in ectopic bone formation than in orthotopic bone formation, and that orthotopic new bone formation was still promoted by BMP in OVX animals. Furthermore, it was shown that the bone-marrow stromal cells from OVX rats expressed much less ALP activity and osteocalcin synthesis than those from control rats, indicating that the reduced reactivity to BMP in OVX animals can be This paper examined changes of reactivity to BMP both in ectopic and orthotopic bone formations.
Severe reduction in the former was found, while only a slight retardation of the sequence of events was seen in the latter. Questions about what causes these differences lead us to the fundamental 4 factors of bone formation which we have proposed20) and described earlier in this paper.
In order to compare BMP-induced bone formations in OVX and SHAM animals in both orthotopic and ectopic tissues, we must consider each of the 4 factors of bone formation:
(1) cells, (2) matrix, 
